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be drawn out through the tube and thewater 
level 

will likewise rise in the downdraft tube.2.12.2 
Design of Priming Pipe (Based on datafuishd by 

Corp., Paris)Operation of the priming 
pip is similar to ahydraulic compresso in 

which hydaulic powe isconverted to compressed 
air power.Let: Absolute suction 

pressure 
at inlet (ft. of water)Discharge pressure due to 

submergence at outleP (ft. of water)Ratio of 
pneumatic 

to hydraulic 
power Air compression rate P+ )PaOutput 
ratio of volume of air to volume 
of watrAvailable operating hydaulic head Ten:u 

(34Qa/( Pa+ P)PaFor priming tubes th 

ratio of (air power)/(waterpower may be 

estimated at 40 percent.The hydraulic air compressor 
may be considredthe reverse of an air 

lift and the design could procedon that basis. 
The rlationship of available pratinghydraulic head, 

depth of submergence at outlet,specific gravity of air 

plus water mixtur andhydraulic losses may be 
expessed as follows: (basedon The Control of 

Water" by Philip A. (h+d/(l+) -=hf+Where:Avaiable 
operating hydraulic head h (ft)Depth of submergence 

at otlt (ft)Losses 
due 

to 
friction (ft)Misc. othr head losses 

(ft) (34Qa)(dQ (34+d)/34In the above 
vau of "K" the air supply 

ismeasured in ft. at atmospheric prssure 
in thisconnection it may be 

pointed out that 1 (1 K) isth specific gravity 
of the air water mixture.Th preceding considerations 

provide basis forestimating the air discharge 
rat, andcorrespondingly, the time rquired to 

produce thedesird vacuum conditions and the 
duration ofback-up conditions in the incoming 
sewer.The use of an orifice of smaller diameter than 

thepriming pipe is necssary to provide an 
initial jet tdowndraft with partial vacuum 

around the jet belowth orific.Control of Flow 
Through 

SiphonThe rate of flow through siphon can 
becontrolled to any desred limit blow the rate of flowat 

full siphon 
action, by introducing air 

into thesiphon chamber at a regulated rate 
so as to maintainthe desired partial vacuum for design 
conditions. Thisobjctive can be accomplished by 

use f a vacuumpump with suitable provisions for its 

operation inrelation to desired flow control. Either 

elctricalpower, or hydaulic power by water undr 

pessuremust be provided to operate the air pump.An 
automatic, selfregulating dvice withappropriate 

described as the Regulator is available to perform 
the function ofvacuum regulation inside 

the siphon without the useof xteal power.The 
Ponsar Rgulator is ssentially avacuumopated, 

float-balanced valve whichresponds to the 
vacuum intensity and liquid level inthe siphon chamber. 

The air valve is 
normally closed.It opns only to admit 

air in esponse to siphonconditions, as 
required 

to maintain the dsign flowand to prevent vacuum 
intensity in excess of dsireddesign conditions.The 

Ponsar Regulator consists of two basclements: (1) 
A regulator valve which has a floater atth top of 

th 
valve immrsed in oil ovr a mrcuryseal and connecting 

shaft to an 
air inlet valve at thebottom; and (2) a levl 

sensing pipe assembly with itslower end inside a 
separate chamber whre awater-lled plastic bag is attached 

at the bottom. Alevel-sensing tube is installed inside 
the lvel-sensingpipe. The top of the pipe has an 

airtight joint wherethe level-sensing tube 
passs to the outside. As thwater level within the siphon 

rises due to increasedvacuum conditions, the liquid in 
the plastic bag iscomprssed, raising the water level 
in the pipe untilthe mouth of the level sensing tube 

is submergd.Filtred air is drawn in through an air 
filter and asmall orifice at the top of th lvel 

sensing tub. Thequantity of air drawn in is dpendent on 
the waterevl in the lvel sensing pip. This air 

lowers thevacuum pressue in the level sensing tube and 
thereduced pressure is transmittd to th top of thefloater. 

Th lower part of th air valve has a tubeconnection 
to the top of the lvel sensing pipe,thereby 

maintaining vacuum conditions threin equalto the 
vacuum in m siphon. As the vacuum pressureincreases 

th water level in the siphon rises above thedesign 
level, the air valve is subjected to a highervacuum 

intensity man the top of the float, the air 
dscends, its air ports arc opened, and air isadmitted 

o the siphon until the vacuum intensity isreduced and 
th 

design low level is stored.For purposes of discussion, 
the vacuum suctionpressure at the top of th 

float is designatd andthe vacuum suction pressure th 
siphon as Ifth air inlet orifice at th top of the 

levl snsing tubbecoms cloggd or its diameter 
is 

too small to admitsuffcient air, then wil 
approach and the air76 



valve will open, because th buoyancy of th floateris 

grater than the weigh of th movng valve elementby a 
vacuum pressur differenial, X, equivalent to apredtrmined 

value. Whenevr xceeds plus X,the air valve 
opens. The air valve rmains closd aslong as is less 

than Df plus X. Th level sensingtub is movable and can 
be rest to dsired designelevations. A separte 

indicto gauge is provided toshow th water lvel in th 
siphon, which prmitsetting th levl ensing tub at the 

proper elevation.Problems of Siphon OperationSinc 
siphon 

operation is goved by 
partialvacuum conditions, som air will always 

remain at itssummit. It also can be expected that 
additional airwill be introduced by release of ntrained 

air in theincoming waste water flow and by dirc 
inwardleakage at siphon joints and connctions 

However,air admittd by the regulating device will be 
themajor air component.Changes in upward velocities 

of th siphon flowmay 
cause some surging at the water surface. t 

isimpractica to completey suppress surging effectsinside 
the siphon, except as can be accomplishd by a 

provided in the level-snsing tube above theclear 

water 

container.In general, the.lowr range of opration, 
to about1/3 of th full 

siphon capacity, will b unstable inaction becaus 
of inadequate air evacuation at lowflows. Greatr 

stability will prevail when the siphonoperats at 2/3 
or greatr cpacity.Flow conditions in the incoming 

will baffected by operation of the 
siphon. In order toprevent enty of air fom th 

incoming sewr to the branch of the siphon, entry 

to the siphonmust always be submred. The top of th 
primingtube therefore must be set higher than the 

inside top the sewr connection entering th 
siphon.Additional backup in th sewer wil be caused by 
thhead 

required above the orifice to establish 
effctiveair evacuation and necessary vacuum conditions. 

Thebackup of flow will result in a temporary 
reductionof 

flow velocities and temporary storage in 
thincoming sewr. After appropriate vacuum pressuresarc 

established in the siphon, the flow in the 
sewerwill 

be rstored to normal levels related to 
submergednlet conditions.77 
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3.. General Information3.1.1 
PrincipleTide 

gates, also called backwater or flap gates, 
arcinstalled at or near sewer outfalls to prevnt 

theback-flooding of th sewer system by high tids orhigh 
stages in the receiving waters. Tide gates arehinged 

at the top and arc designed to prmitdischarg 
though th gate with smal differentilhead on th 

upstream side of the gate and to closetightly with 
small differntial head on thdownstram sid 

of the gate.3.1.2 ApplcationTide 
gats arc 

required 
at all sewr outfalls wherthere is a possibility 

of the swer system bingfloodd by a rise in the 
levl of the rceiving waters.In combined sewer systems 

without regulators,tid gates usually are 
installed at the end of thoutfal. The outfall is 

terminated 
in a concrete and th tid gt is mounted on 

the fac ofthe wall. This tide gate location very 
often akesmaintenance work difcult, particularly i 

the gate ispartially submrged. In this case, boats may 
brequird to carry out normal maintenanceprocedures.When 

rgulators are constructed on 
combinedswer 

systms, consideration should be given tolocating 
the tide gale in a chambr adjacent to 

thregulator chambe. This has several advantages. Thegat 
will be asier to service than when located in ornar 

the water. The gate can be inspected inconjunction 
with maintenanc visits to the regulator.Provision 

can be made in the chamber for us of sloplogs 
downstream of the flap gate so that me gate canbe 

serviced 
"in the dry" if necessary. furtherdvantage of 

installing the gate in chambe is thatmotorized 
equipment can be operatd dirctly overthe chambr for 
us in maintaining or replacing thegate.The chamber 

width should provid minimum of6 inches clarance 
bwen 

th tide gate and the wall.When mutiple gates 
are used the post or columnbetween the gates hould have 

a minimum width of 2feet.Shaft and surface 
openings shoud be providedwith dimensions of about 

foot 
greater than those ofth gate. When the gate 

is aways partialy submergedit may b desirable to install 
two gates in series toprovide safeguard gainst 

one gate being cloggedopn. In the latter case the 
chamber 

can be enlargedto permit this series installation 
of gates.3.1.3 DescrptionTide gates are available 

in thre types dependingon the material usd 

for the flap as 
follows: (l)Castiron; (2) pontoon; and (3) timber.Tide 

gates with cast iron flaps are available 
withincircular, 

square or rectangular 
shapes. Circular flapsrange from to 96 inchs in 

diameter. 
Sies availablefrom one manufacturr arc given in 

Figure 3.1.3.1Square and rctangular cast iron tide gats 
areavailable in ranging from 8 inchs squre to 

96inches square. Sizs availabl from 
anothrmanufacturer 

are shown in Figure 3.1.3.2.Pontoon flap gates 
are fabricatd of sheet metalto form a number 

of air cells. This increases thebuoyancy 
of th gate and nables it to opn under asmaller 

differential head than is possibl with a castiron 
gate, particularly 48 to 120 inches, as shown 

inFigure 3.1.3.3. Square and rectangular shapes arevailable 
in sizs ranging between 48 inches square to120 

inches square as shown in Figur 3.1.3.4.Type 316 
stainless steel is usd for larg pontoonfabrications. It 

is has physical propertiescomparable to mild 
steel, and has satisfactorycorrosion rsistnce.In 

recnt years, here has been a revival of timbrtide gate 
flaps- This is due in all pobability t 

thepollution 
in major 

harbors. 
Teredos and ship wormscannot live in polluted 

watr. Therefore, the timberwill have a long life. 
Warping 

is partially prvented bythe use of strong backs 
bolted o the timbers. Theseare pieces of railroad 

track that arc hot dip galvaniedafter all machining is 
completed. Timber gate leavesare not as tight as me 
metal tid gates becaus it sdifficult to sea the space undr 

the metal seat bandbetween the timbes.Timber gates 
are available in the sam sizes as thelargr siz cast 

iron square and rectangular gates. Onemanufacturr's 
models are shown in 

Figure 3.1.3.5- yellow pine is frequently used in 
timbergates. Recently timber has benintroduced. This wood 

grows only in British Guiana,requires no wood 
preservative tratmnt and isrsistant to wood-dstroying 

fungi. It is extremelydens, weighing 
approximately 70 pounds per cubicfoot, and is wl suited 

for flap gates as it requireslittle additional 
weight to offst buoyancyGreenheart also is mor 

resistant o seasoning splitsand checks than common 
structural woods, itmachins wel and resists distortion 
well. Thefollowing table compares th working 

strsses forgreenheart and other structural woods. 
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FIGURE 
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FIGURE 
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ALLOWABLE WORKING STRESS 

TimberCompressionYellowPineCypressDougas 

FirTension1550146611003000Parallelto 

GrainShear20001733.14503300Compression13513395400Perpndicularto 

Grain4553003901500Grenheart 

is 

used 

for the ockgate sills in the Panama Canal. Th 
is eatenby the teredo and has an average lif of 

yearscompared to to 4 years for oak or pine. The 
hightmperature of the water i considered responsibl 

forits short life in Panama since there are rcords of 
itsuse in England ad Germany for periods up to 

40years.Generally cast iron gates are used for smaller 

sizesand 
pontoon or limber gates for the largr sizes. Thuse 

of cast iron for large flaps makes the gatedifficult 
to handle and increases the differential 

hadunder which the gate will opn. For this reason NewYork 
City limits th application of cast iron gates to48 
inches square.The choice btween timber and pontoon 

typsdepends on several 
factors. In New York City, wheretidal 

waters are corrosiv, the life span of pontoongates is 
10 to 2 years ompared to upwards of 30years for 

timber 
gats. The pontoon gats have amore stable shape 

than limber gates but eventualcorrosion of the 
plates causes the air cells to fill withwater 

and destroy th flap One procedueto prevent this is to fill 
the clls with a plastic such as While timber gates 
have geater life theyare subjct to warping and destruction 
by marinborers.Tide gates may b installed on 

concrete 
walls byus of anchor bolts, cast iron pipe 

flanges 
or cast ironwall thimbles mbedded in the concrte 

wal. Th useof a wall thimble is preferabl.The gate is 
attachd to the frame by at last twohinge arms. Each 
arm should be provided with twopivot 

points with lubrication fittings. Propermaintenance 
requirs priodic lubricaton of thesfittings.The 

seat betwen the lap and frame can beither 
bronze or resiient matrialsuch as or rubber. 

The use of 
a resilient material ispreferabl to achieve 

water tightnss.Th gat should be provided with a 
lifting 

ye onthe lower edge. It is desirable to provid 
a permanntchain from the lifting eye 

to an accssible point sothat the flap can be 
opened when clogged, forrmoval of debris.Tide gates requir 

periodic inspction during owtids for clain and 
during high tides forobsrvation as to thir water 

tightness.3.2 
Design3.2.1 GuidelinesThe addition of a tde gat, a 

regulator and threquired chambers at a sewer 
outfall increases thehead loss through 

th sewr and 
raiss backwatrffect 

the sewer during periods of hgh stages 
inreceiving waters. This increase of bacwater levelsmay 

not be grat enough to b of srious concern;however, 
as a precaution, the possible change in thehydraulic 

profile should be computed for anticipatedhigh 
water levels in the receiving waters.Since the 

peak 
storm flow and th maximum tideor stream levation 

are both vents of short duration,the probability of 
the simultaneous occurrence of thetwo vents 

may nt be vry geat and is outside thescope 
of 

this Manual. The dsigner must use hisjudgment in 
selecting th tid or stream high waterlvel for use in his 

computations.The additional hydraulic losss rsulting 
frominstallation of the regulator and ide 

gate 
are due to:(1) Loss hrough the tide gate; (2) 

losss in thediversion chamber of the 
egulator; and (3) losses inthe tide gate 

chamber. 
It should be noted that thefriction head loss in 

the storm sewer downstream ofthe regulator may 
decrease due to he lesseneddischarg resulting from some 

flow diversion at thergulator.The discharg through 
the tide gate will be thflow in de psteam sewer less 

the flow diverted tothe intercptor. If th 
tide 

gate is placed at the nd ofthe storm sewer he 
flap 

usually 
wil be the same sizas th sewr. If the gate is 

placed in a chamber it87 



usually will be square •or rectanguar in shap, with 
awidth 

equal to the diameter of th upstream sewer,and 
a height somewhat greater than the water 

depthupstream 
of th gate. The gate invert will be the 

sameelevation 
as the regulator diversion dam.A 

typical plan of regulator structure with a tidgate 

chamber and the hydraulic profle through thestorm 
sewer and egulator is shown in Fig, 3.2.1.Sample 
computations for the profile shown in Fig.3.2.1 

are given in th following paragraphs.The sample 
computations are based on the dataused for 

design of cylinder-operated gats. In thelatter 
computations the water surface in the divesionchamber was 

arbitrarily selected at elvation 21.00.The computations 
which follow indicate that thewatr surface 

should be at elevation 21.77 as a resultof additional 
hydraulic losses due to the tide gatechamber. 

Theefore, 
in final design the computationsshown hrein for 

the cylinder-operatd gate should brevised to reflect 
this higher water surface.3.2.2 Design 

FormulasThe head loss 
through 

tide gates may be assumedto be 0.2 feet, 
according to some gate manufacturers.The design criterion 

of on city is to selct tide gatwith an aea 10 to 15 
percent grater than the areaof the combined sewr 

and to place the invert of thgate not mor than 0.5 
feet 

above the invert of thecombined sewr. One city 
specifcs that the head lossthough the gate shall not 
exceed 0.5 feet; anothrcity speifics a maximum of 

0.33 
fel. The relationbetween tide gate had losses and 
conduit velocities ispresented in Hydraulics Design 

Chat 340-1" in"Hydraulic Design Criteria" by the 

U.S. ArmyEngineers, Waterway Experiment 

Station, 

Mississippi. With respect to this chart the 
designcriteria state:1. Flap gat head losses can b 

determined bythe 
equation: whre head loss in f. of water 

head loss coeffcient 

conduit 
velocity in ft. pr sec.2. 

Hydraulic Design Chart 
340-1 

prsents headloss cofficients for 
submeged flap gates. Thedata result from tests 

by on 18-and30-inch diameter gates.3. Modern 
tide gates are heavier but similar indesign 
to those tested by 

Nagler. It is suggestedthat Chart 340- be used 
for design purposes forsubmerged flow conditions 
until additional databcome available. Head loss 

coeffcient data arenot availabe for free discharge.The 
chart in relates had loss throughthe gate 

to th vlocity in the conduit. 
This 

chart isbased on circular gates attached to 
circular conduitsof the same siz; hence th velocity in 

the conduitand through the gate will be similar. In 
the cas of theegulators considered in this Manual the 

velocity inthe upstream sewer and hrough the tid ga 
maydiffr; herefore, in the sample computations herein,me 

velocity through tide gat has been used 
inconnction with Fig. 3.22.Other hydraulic losses through 

the regulator arccomputed from the applicable 
formuas outlined inthe 

subsecton 
on cylinder-operated gates, in Section2 of 

this manual of practice. . A. Naglr, Hydraulic 
tests of automaticdrainage gates" The Transit, State 

University ofIowa, vol. 27 

(February 

1923).88 
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3.3 Sample ComputationFlap 

GateNote: 

Use same data as for cylinder-operated 

gate.Assume 
that design high water level in receiving stream is same as normal depth in combinedsewer 

for 10year storm prior to construction of reguator. Determine effect of regulator 
onwater 

surface in combined sewer. 

Velocity 
upstream velocity2 

downstream 
veocity depth of 

flow diameter 
acceleration of 

gravityData on combined 

sewer 

prior toconstruction of 
regulatorAt reulatorD=5. s 

0.0022 
Q120cfsd=4.0 

(full 6.2 V=7.0 
At 

outlet 100 from 

regulator100x0.00220.22ELEVATIONInvert 

EL17.0021.002.7616.78 
20.78 

21.54Design 

high water 

leve 

isAfter 

construction of 

regulatorDiverted 30 in 
storm 

sewer 20 - 30 9020.78Storm 

sewer 00Downstream 
endd (normal) 3.20d actual) 4.00•compute 

backwater 
effectin storm 

sewerV 5.4 
0.44Compute backwater 

curve upstream bystandard-step 
method (see 
Table XVII, Manal 

No. 37)Upstream endV 5.5 0.4716.78 
20.7821.2217.00 20.80 2.2791 



3.3. Flap 

GateFlap 

Gate ChamberV 
90 2.5 0.108 4.5 

2g(in 

chamber)Entrance 

Loss0.5 (V 

-VI 0.5 (0.47 - 0.10 .82g 2gNelect 

friction 

lossFlap gate loss 

- use Figure 3.2.2Use 60" 60 
gate 90 4.5 5.0 

x4.0=6 =O .31 
0.7x0.32 

=0.221.56+0.21 

=21.56Upstream 

of fap 
gate21.56+0.3Diversion 

ChamberV 

90 2.8 fps8 

(21.5-17.5Contraction 

loss0. 

(~»=0.1 (0.3 - 
0.2) 0.022g 

2gOutlet 

loss ()2g 
2g=0.76-0.2=0.64Combined sewerELEVATIONInvert 

EL7.00 2.35 21.4517.50 

2.5621.8717.50 

21.77 21.897.50 

2.77 
21.897.00 2.77 

22.53Therefore 
the 

installation 
of 

the regulator 
will 

raise the 
water 

surface of the 

combinedsewer upstream of the regulator during a 0-year frequency storm 2.77 21.00 
or 

0.77 feet.92 
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4.1. Elmnts of InstrumentationActivation: 
GeneralThis 

section is directed principally at the morercent 
tchniqus of control and instrumentation thatmay 

be 
adaptable to the devlopment of morsuitabl 

means of regulation. It is prpared from thviwpoint 
of 

the electrical and instrumentationdesigner: 
the subject mattr prtains specifically toequipmnt for:1. 

Mtering - 
means of measuring and sensingsystem conditions;2. 

Telemetering 
means of transmitting data tosome data gathring 
points;3. Communications 

- means of interconnctionfrom remote to data 
gathering point;4. Data Handling - 
means of collection, display,storage and 

manipulation 
of data;5. Dcision Making 

- means of translation ofdata to control 
rquirement;6. Supervisory Control 

- means of dispatchingcontrol to activation 
facilities; and7. Activation of 

Control 
Element means ofactivating egulating 

device.These concepts imply 
the establishment of a totalsystem control center 

at which point a completsystem of sewrs and all 
its associated componentsappurtenances may be 

under the direct supervisionand contro of management. 
This will be a necsstyat some large jurisdictions 

and to a lesser degree atsmaller jurisdiction systms 
where only a fewmanually supervised elments 

are used. The generalprinciples will be the same and 
installation in theinstrumentation-control field 

should mbody theconcept of ever-widening scope 
of which eachelement may become a part.The 

development of th regulation 
cntrol centermust be a step-by-step undertaking, 

starting with thegathering of data and implemening 
remote 

controlwhile gradually increasing the control 
center's datahandling capability with additional 

equipment.Present regulator practice makes use 
of 

bothfixed and adjustabe hydraulic devices 
such as: Dams,horizontal orifices, vertical orifices, 

overflow wirs,leaping weirs, adjustabe gates, tipping 
gates, and amount of flow in each case is sldmmeasured, 

but 
by nature of the rgulator design issupposd 

to be within certain limits based uponhydraulic 
calculations under assumed conditions suchas, 

for example, free discharge downstream. Twomajor 
conditions arise, howevr, which make theeffectiveness 

of present regulation practics acontinuing 
problem. First, the desired orificebecomes alered 

or gates mafunction because ofclogging and 

second, downstream channes maybecome surchagd. 
Since thre is usually no mansof indicating 

flow, thre is no mans of indicating thdegree of 
regulation which occurs.In the cas of fixed or static 
regulator stations,nothing can be done 

to correct a control malfunctionexcept to remove 
the obsruction. Snsing of theproblem can b accomplishd 

and communicatdwith sutable identifcation to 
uprvisory personnland conveyed to maintnance 

prsonnel for remedialaction.Adjustable reguating 
stations can be monitored,and gate openings can be 

remotely 

adjustd from acentral contro, provided such 
facilities are madeavailable, to compensate for the 

changd conditionsafecting th station. If, for xample, 
a partialblockage rstricted an orifice, th gate 

could beopend wid to ffectively change the port 
area toallow the dsird flow.With regard to 

instrumntation 
and activationfacilities, instrumentation 

only applis to 
staticgulators. 

In this respect, monitoring dvics 
withsuitable communication facilities can detect 
andindicate the hydraulic conditions either in the 

vicinityof 
the reguator or at some point on the system 

thatreflcts the operating condition at the 
regulatingstation.Both 

and activation facilities canbe used 
with 

automatic dynamic regulators. n thisapplication 

instruments 
can be usd for sensing theconditions and for 

handling information, whereas theactivation 
facilities may be employed to manipulateth configuration 

of th regulating stations.The concept of controlling 
an individualrgulating station is a simplification 
of the concept ofregulation as it applies to 

a complte waste watersystem. Complete 
system egulation equies thdevlopment of facilities and 

techniques to efficientlyroute, limit divert, transfer, 
and "park" or store wastewaters.Regulation 

of sewers, like any other controlsystem, can b broken 
down into the followingelements: Measurement; status 

determination;information 
or data gathering; manipulation 

of data;decision making excution, verification, 
andevaluation.Measurement and status 

dtermination is effectedby sensors of various types 
developing elctricalsignals to represent such 

objectives 
as flow, level,head, differential pressures gat 

positions, andequipmnt status. Data gathering 
equipmnt is usedto condition or code electrical signals 

for transmission95 



ovr usual communications channels. Equipmen forman 
llation of da consists of indicators, recrders,loggers, 

alarm, and computers. Decision making isprformed 

by suprvisory personnel or by computrprograms. 
Execution is by dispatching service andmaintnance 
personne, or by employment ofsupervisory 

control equipent for remotely operatingthe stations. 
Verification is carried out by updatedmeasuremnts and 

status indications. Evaluation is adecision or 
judgmentmaking process, either manualor automati, to 

determine the results of the initialexecution of a 
control action. Repeated controlcycles are pefrmed 

until satisfaction occus.Th control equipment 
may take many forms.Generally, sluice gates 

or shear gates will be.employdto limit and reroute flows; 
whereas pumpingequipment may be used for 

transfr to and fromoff-system storage or holding 
facilitis. Pumps alsomay b used for ransfer within 
a system to take fuadvantage of systm capacities for 

storage. Not onlyis it essntial to manag storm 
water 

flows, but alsosom treatment, for instanc, may 
berequird. n such instancs, th control equipmentwill 

likly include remot dosage monitoring of with the 
rate of chlorin feedautomaticaly paced by the 

measured rate of stormwater flow. Additional 
sensors may be required fordetermination of 

such 
situations as chlorine residuaand contact time 

before release from the system.Usually, means to tansfer 
flow has a variablecapacity in order to match 

the incoming flow.Equipmnt usd may include 
conrol and monitoringfacilitis for variabl 

speed 
pumping equipment.An intresting example of 

regulated pumping isthe case where pumping from the 
downstreamterminal f an interceptor swer is 

performed only ata rate of flow necssay to 
lower the hydrauicgradient so that inoming flow to he 

interceptor cnbe accepted, thus always pumping 

at the minimumhead necessary to match the incoming 
flow. 

Underthis condition the pump staion wet wll 
is aminimum levl at maximum flow or maximum 

levelat 
low flow or low pumping rates. Moreover, 

thecapacity of the intrceptor is used to its 
maximumcapability for storage. Such a scheme 

becomes quitecomplex and requires programmd control 
whichmay cither be built into the control equipment 

or beeffected by computer.Although th treatmnt 
of sewag falls outsdethe scope of regulation, those 

who manage thergulation 
of complete system must be conceedwith 

the operating capacities of plants and 
withoutfall 

sewr conditions. Thus plant flows andrceiving 
body war evel are pertinn daarequired a the 

rgulaor control center. Additionalstream 

monitoring 

data pertaining to water qualityalso might 
b transmitted to he conrol cnter foroverall guidanc 
and record purpoes. Additional datasuch as wather 
rports from the Weather Bureau andrain gauge daa 

teemetered to th control centershould assist managment 
o effect adequate controlswhen storm impends.Successfu 

dvelopment of means to effctivelyegulate 
complx sewage systems, combiedsanitary and storm wasts 

or separated 
wastes,requires a management information and 

controlsystem. In spite of the interest that exists, as 
isevident from the numbr of articles and 

discussionson 
the subject, few such information 

systems 
actualyhav been mplmnted. One reason for this 

has beencost. Another reason is that thr is neithr 
awell-defined perception of th range and extent ofthe 

information and control requirements nor triedand 
poved methodolgy for its implmentation. 

Thetraditional 
justification for information sysems,monitoring 

of swer lvels for exampl, has beenbased to a 
grat xtent ony on reduction ofoperating costs. 

Justification for an informationsystem, in the future, 
should be based on he ntworth of the The net 

worth may bedfined as the differnce betwen th 
value of theinformation obtained and the cost of 
obtaining thisinfomation. Traditionally, the 

instrumn andcontrol designers detrmine the cost; 
Managementmust determine its vau.Information is evn 

more vauable when it flowsto and rom managmn, 
allowing decision-makingand execution, and thus 

mor responsive conrol.From an instrument and control 
standpoint, a 

sewermonitoring system is an example of informationfowing 
only one way—to managmnt. Byimplementing 

suprvisor control equipment forrmote control, the 
value of the information isgratly increased if it 
alows management to exercisreal time control. 
Real tim conrol is the ability ofmanagement 

to detect and correct a deviation fromplan 
or standard befor th deviation becomes sogreat 
tha it is not possible to return to the originalplan 
or standard. It is not necessarily instantaneous orevn 

fast control, since the sped of espons rquiredfor 
a ral time control depends upon the nature 

ofthe activity being controlled. For waste water systemscontrol 
me speed of rsponse usually may be inminutes and 

hours.The constraining factors in the developmnt ofinformation 
and control systems are control faciities,96 



communications, power, and site preparation. Noneof 
these xcpt hardware is necessariy difficult andneeds 
no particular discussion in this manual. Vrylittl 

has been accomplished howevr, in th dsignand 
development 

of suitable hardware for sensing therate of 
flow. In this rspct, and at the prsent stagein the art 
of 

instrumntation, it shoud be recognizedthat immdiate 
vaues of elocities and levls are ofmore value than 

totalized quantities of waste watr.Determining th 
specific 

information and controlrequirments is probably 
the most criical part in thedesign of any information 

and control systm. Thseneds also must be aken 
ino account in the futredsign of sewer systems. The 

cost to haness aregulating saion with monitoring 
dvices and remotecontro has little relationship to 

th sie of thestation. In future designs it may b 
prudnt toemploy only a few large regulaing 

staions 
ratherthan a large number of smallr ones. It 

will also beimportant to locae regulators wher they 
can beconvenienly attended and serviced.Information 

and control systems offertremendous 
nefits to th water pollution 

controlagencies and rpresnt practically a new frontir 
forinstrumentation and data handling. Examples 

ofbenefcial 
regulating practices are many.In one 

juridiction whre storm water overflowor 
diversion 

occurs the major purpos is to avoidhydaulic 
overload of treatment works in addition 

toavoiding 
flooding of local aras. Overflow chambersarc 

and other ovrflows are lectricallycontroled and 
telemetred to the plans for their The control cnter 

is locatd in mainoffic building to which data 
are transmittedconcerning rainfall incidence and 

waterwayelevations. The ngineer of waterway 
control providesinfomation to the enginees of 

treatment plantopration who decide the course of 
acton.To achive the objective of using available 

storagewithin existing combined sewer for 
rgulatingstorm water flows, me jurisdiction installd 

a"Compur Augmntd Tratment and DisposalSystm." 
Reducion of sewage overflow frquncyand magnitude 

also is pat of its objective. Whenoverlows 
cannot be avoided, the system controlsdischarges 

at selctd stations to minimize harmfulffects 
on 

marine life or public baches. Storagcontrol is 
effectd through remote electric controland local 

automatic ontrols of the pneumatic type.Thse local 
control units come into us only whenth remote control 

equipment fails. Gates at eachoutfall are remotely 
controlld by electroniccircuitry. Remote control 
of the datum level chosnat each location is 

carried out by transmission of anoperation 
command 

signal to the remote terminaequipmnt. When th 

desired datum has beenreached, command signal s 
transmited to theremote trminal to deactivate the 

quipment. Whenthe remot control units fail, 
local automtic controlis restod. The control 

centr is outitted with anoperator's console and 
wall map which relate to thesystem. Data are telemetred 

to a central locationover eased telephone lines and 
the informaton isentered in a process conrol 

computer 
which alsodirects data gathering.At anothr 

jurisdiction, it has been found thatabout 80 percent 
of th annual oveflw volume isdischarged from 20 
overflow strctures.Considration 

is being given to the elimination of 
alloverflows in som areas. This would be accomplishdby 

bringing al combined swers to a 
cntra] 

gatchambr whre the gates would be power-operated;d 
remotly controlled by means of a teemeteringand 

supervisory control system. The chambr wouldbe operatd 
as single overflow during priods of 

wetweather. 
Control of the would beaccomplished by a 

central operator who would havetlemetred data 
concerning 

wast water flows attreatment facilities, th water 
level and availablestorage capacity in 

the intercpting sewers and thewater levl at critcal 
poins in the system and at thegate chambers. 

Thus the opertor at the controlcenter could affect.the 
flow throughout th system.Use would be made of 

the monitoring andtelmtering system in the operaion and 
control ofthe systm, in paricular for surveillnce 

of the pumpstations for malfunctions, filures, 
and oher systemproblms.The bnefits of 

flow control in combined sewersat on sanitary district 
appear t warnt a significantexpendiur for equipmnt. 

Flow in the swer systemwas studid, using pneumatic 
depth of 

flow recordrsplaced at key positions- Purpose of 
the gauging was todtermine the extnt of sysem loading, 

in 
additionto gathring other data. In 1960 it was 

found that avolume equal to 10 mgd in the joint intrcptor 
swrrequired an xpnditur of 600,000 based ondry-weather 
flow. This means very 10 mgd of waer removed 

from m joint interceptor hadan equivalnt worth of 
S600,000 of swr capacity.This concept of providing 

capacity 
for sanitary flowsled to consideration 

of using powered regulators anda system of controls 
for rmoving flow from, orpermitting flow to remain 

within th interceptosystem. Effctive control 
of 

the regulators was seen asa masure for reducing th 
overall quantity of raw97 



sewage diverted to receiving waters during periods. 
The system being considered includd anintegrated 

system of regulator oprations withsupervisory 
control of ky regulators. The regulatoropration 

would be basd upn interceptor usag.Power-operated 
gates controlled by suprvisoysystem from a 

control center would use telmetringto provide infomation 
concening the gate positonsflows, and flow levels 

in the interceptor sewrs. Datacollected would inform 
the oprator of the systemthe situation and prmit 

system adjustments. Theoperato would have the 
choice 

of bypassing flowquantitis at crtain locations 
Evaluation of thereceiving water conditions at 

various locations wouldbe made by the operator who 
would 

mak requiredadjustmnts. Automatic readout 
of 

data for analysisand use of manual or computer 
tchniqus arcvisualized.Still another example 
of 

the 
requirements 

ofmonitoring and supervisory contro 
is the stuation inanother sewr district whre a second 
conduit will beinstalled to parallel an existing rlief 

sewr. In thiscase, it will be necessary to retain peak 
flows in oneof the two conduits until a quantity is 

reached wherit is possible to divide the flow between 
the twosewers and still maintain adequate 

velocities 
in both.Obviously, som form of level and 

velocitymonitoring and power-operated gates arc 
likelysolutions.4.2 MeteringRgulation, hrein is 

defined as 
the control 

ofwast water flow. Control implies exercising 
dirctionover th amount, the rate of ow, and the routing 

ofthe flow. Effective regulation therfor must 
beaccompanid 

by some means of measurement.Important 
characteristics of waste water floware: (I) 

Conduits usually are only partially flled; 
(2)substantial amounts of debris are carrid (3) flow isnot 

undr pressure other than gravity; and (4conduits 
frequently are located at considerabledepths blow 

grade.Conventional measuring devices used on 
waterdistribution 

systems arc not practical for masuringwaste 
watr 

flow Open channl flow meteringstructures can be 
employed with some degre ofsuccess but they 
are accompanid by additionalproblems peculiar 
to 

the waste water system. Suchstructures can 
become vry larg and expnsiv andare most appropriately 

placed nar th surface wherethey are mor accessible. 
Open channel meters arcnot only directional, 

but also become inoperativwhnever they become 
submrged.Always a problem of using an open channlmetring 

structure is th measurement 
of watr level.Most of the open channel 

are designedwith the intent of using floats for measuring 
levels.Th use of floats in wast water metering 
practicesonly can be practical for temporary meters 

or thswhich will be installed within stilling 
wells andcontinuously purged with clear water, or 

those 
whichcan be continually supervised and maintained. 

Theuse of bubblr systems for measurement 
ofdiffrential 

levels across flumes has beenemployed 
with 

greater success. Bubbler systems 
fordirect 

lvel measurements provide some advantagesovr 
floats.None of the conventional flow measuring 

devicesis designed for the exprss purpose of waste 
watermeasuremnt 

and al presently in use are dsigned fora much 
narrower range and highr accuracy thanwould be 

required for the monitoring of waste waterflow. Therefore, 
the practice of regulation can not beexpected 

to be any more successful than the availablemans 
for sensing flow.Successful regulation practices will 
depend on thedvelopmnt of new methods, principls, 

and dsignsof flow measuring 
devices adaptable specifically tosewers and 

waste 
water characteristics andnvironments. Unfortunatly, 
the present state of theart of wast water flow 

metring is seriously bhindmost other 
metring 

accompishments.Managrs of sewer systems must make 
knownthese requiremnts to research deveopmnt, 

andmanufacturing organiations. Rather 
thanconcntrating on the development 

ofowmcters,forexampl, it might be wis to explo th 
dvelopmentof a pair of sensors, one to determin 

level and theothr vlocity. Then with vel and 
velocity as basicdata, the flow could be computed by 

taking intoaccount th conduit confguation. Immediatevlocity 
and level measurements would providemanagement 

with a better description of theconditions 
taking 

place at some point in a conduitthan would 
a flow measurment, and ach possiblycould 

be 
more accurate than som determination 

refcting the combination of the two.Anothr concept that 
might be explored is thatof sampling for level 

and velocity measurements.Such an approach 
might lend itself to the possibilityof employing 

retractabl dvices or probes for thesepurposes so 
that fixed obstructions would not impedeth normal 

transport of solids and debris. Retractableprobes 
could continually sense level and vlocity,interruptd 

occasionally for retraction, so that anydbris hld by 
the probes could float on downstream.The probe could 

not only b levl and velocity98 



sensitiv, but coud also be bi-directional, 
sensingvelocity 

in either direction. Such a prob should 
besufficiently strong to withstand the impact of havy and 

be constructed of corrosion-esistantmaterials. Probes 
of this typ are patented and arcpresently bing 

considered for development bysveral instrumnt 
suppliers. It may be wise to easeth requirements for 
accuracy and snsitivitynormally expected for 
metering and settle fo greatdurability and simplicity 

of equipment.Other new developments 
in the field ofmeasuring liquid velocity 

and volume flow rates makeuse of sonar principes 
to 

dtermin transient travelof an acoustic pulse between 
submrged probes. Themter prob provides an 

unobstructed 
flow pathwithout head loss. This equipment 

is representd tomeasur flows from 0.02 to 300 
continuousy and to have succssfuly measured flowin 

a meter conduit at no more than onepercent error.A 
relativly new devic which is convenient foruse 

in measuring 
liquid level is the controlled leak,aprecision, 
gas flow Thisdvice can be used to bleed gas such as 

nitrogn froma bottle, at a rate of ess than one 
bubble pr scond.Th back pressure on a pipe bleding gas 

into afluid bears diect relationship to the lngth of 
thesubmerged portion of pip. For measuring liquidlevl 

this allows the use of a nitrogen bottl andcontrolled 
leak to rplace the usual instalation of anair 

compressor and diferential regulator and 
theaccompanying 

appurtnances normally required for abubblr 
system. 

Such a system can last for manymonths without 
refilling a standard size gas bottle.Solid stat 

pressure, level, and flow transmittersac being 
developed for telemtering which can bepowerd over a 

standard telphone line, thuseliminating the rquirement 
for power at thtransmiter site.4.3 Telemetring4.3.1 

GeneralTlemetering is a means of 
Conversion of ameasurd variabl or snsed condition 

into arepresentative 
electrical 

signal, the 
transmission ofthat signal, and its 

rconversion 
to a suitablequantitative form which 

may be displayed, indcated,recordd, loggd, or stored 
and utilizd to computeor control.The selection 
of 

the type of tlemeteringequipment to insure its 
maximum 

effectiveness for aparticular application requirs 
not only 

a carefulevaluation of the many types 
availabl, but moresignificantly of the design criteria 

which may beimposd by the particular purpose for 
which it isapplid.For regulation practices, 

certain design criteriaae dictated by the 

characteristics 

of system.Such design critria are:. Wide 

coverage—data 
are required from allover the system and 

its environs;1. Relatiely small amounts of data—only 
acomparativly few and in 

some cass only onpoint of data is required 
from each site;3 Unattended sites—data 

masurement arefrequently required at 
unattndd sites;4. Uncontrolled 

environmnt—datameasurement 
arc generally at site of 

uncontrolldenvironment; and5. Alterable and 
xpandable—points of datarequirement 

occur 
gradually and in smallincements, 
only to keep pace with swragsystem expansions.From 
the above, 

it radily can be detrminedthat certain 
fatures of th outlying stationtelemetring 

equipment are desirable,such as;. 
Inexpensive;2. 

Infrequent 
service requirement—not morethan quarterly 

3. Applicability for wt and corosiveenvironment;4. 
Applicability for unrgulated, normal powrsupply;5. 

Applicability for 
ordinary two-wiretlephone; 6. No distance 

limitations; and7. Adaptability 
to grouping of a numbr of datasignals 

on one 
communications channel.Of th many major types of 

telemeteringequipment available some of the most 

commonlymployed 
with respect to their 

transmitted signals arcas folows:4.3.2 Current 
TypeThe output signal is a variabl electric 

current.This type requires a continuous 
wo-wire,fuly-mtallic individual circuit and 

is quit limitd indistance. It is most suitable for 
in-plant and 

onsittelemtering, 
particularly where electronicinstrumentation is 

involved.4.3.3 Voltage TypeThe output 
signa 

is a variable voltage. This typerequirs a contnuous, 
two-wire fully metallicindividual cicuit, is limited in 

distance, and is quitesubject to induced 
interference. In many instancesthis 

type requires 
shielded circuit.99 



4.3.4 Frequency TypeTh 
output signal is variabl frequency. Thistype 

requires two-wire circuit or the equivaent. It hasno 
distanc limitations and is suitable for hih speeddata 
transmission. It has not experienced widespraduse. 

for water or wase water sinaling, perhapsbecause 
it genrally has been more xpensive andmore of a 
propritary item than oler types available.4.3.5 Pulse 

Count TypeThe output 
signal is a variable rate of oprationof a contactmaking 

dvice. This type is a simple,inxpnsive 
electro-mechanical system. It requiresonly a twowire 

circuit or he equivalent and has nodistanc limitations. 
Primarily, it is used for dynamicvariables such as flow 
or running countrs, andgenerally is not adapted 
to more static variabes suchas pressure, level, or 

position.4.3.6 Pulse DuraionThe 
output signal is a 

variable duration of theclosure period of 
contract-making- device bingoperated at a constant 

rate. 
This type is frequentlycalled tim-impulse. Usually 

it is a simple,inexpnsive, lectro-mechanical 
sysem, utilizing anytwowire crcuit or the quivalent. 
It has no distancelimitations and commonly has been 

used for waterand waste water signaing of such 
variables as flows,prssures, levls, and positions.4.3.7 

DigitalThe output signa is a 
coded 

pulse tain. 
Thistype of equipmet generally is mor 

sophsticatedand expensive; however, its signal formal 
isparticularly suitable for automaic data 
logging anddata handling. It has very high accuracy and 

speedtransmission, operating over a two-wire circuit 
or hequivalent without distance limitations i is 

thenewest in the art of telemetering, although not 
yetdeveloped to th stage where transmitters 

spcificallydsigned for waste wate measurements are 
yetavailable.4.3.8 

Commentary Concerning TelemeteringEquipmentIn 

addition to taking into consideration 

thechaacteristics 
of an overall the desiredfeatures of 

the particular application, and the mostappropriat 
transmission signal, it generally has bennecessary 

to choose and specify quipment for whichthere are 
comptitive supplirs. Since pulse durationtype of 

tlemetering is furnished by a number ofmanufacturers and 

als meets th normalrequirments, it is perhaps the 
best known and mostwidely usd system 

for control of combined sewerflows. Presently, 
governmental jurisdictionssuccessfully utilize a large 

number of pulse durationtype teemters. In 
such cases it migh no be prudnto chang unless ther 

is 

sufficint justifcation.Advantages of the other types, 
however, should notbe overlookd.Presnty, telmetering 
consists of remottransmittrs and indicating or 

recording 
reciverslocated a pumping stations and treatmnt 

plants, orcenral operations control centers. No 
automatic datahandling othr than the pointer or pen 
positioning onthe reciver is usually involved. If 

additional handlingof the data is requird, however, oler 
considerationsare ncessary. For example, a time-impulse 
signacannot be adapted for automatic logging. So thevarious 

types of telemetering devices should bereviwed 
with the prospect of automatic data loggingin 

mind.Automatic data logging and computer 
datahandling require that the data signal be in digitaform. 

It 
would seem that digital teleetering wouldbe 
a more suitable choice of equipment.Unfortunately, 
at this time no primay meteringequipment for 

waste 
water type measurements has adirect 

codd digital output. To obtain a digital 
outputsignal, it is necessary to employ a convntionalprimary 

meer with a current or voltage output, (anlectrical 
analog output), then to use ananalog-todigital 

convrter to obtain a digital output transmission 
to th conrol centr. Such a schemerquires 
expensive and elaborate facilties at outlyingstations. 
This s contrary to the design criteria, andrus out 

th 
use of digital telemetering as a suitabmeans for wid 

area gathering of flow, level, pressur,and position 
data. This is not to sy that its us willnot b common when 

mre pracical digtaltransmiters are developed. Nor should 
this beintrprted to apply in other circumstances where 

ablok of digital information is availabe 
at a site withsuitabe nvironment for 

transmission 
to anothersuitable location. It could be 

concludd that digitaltelemetering at last, would not be 
considerd as asubstitute or replacement for the 
time-impulse type.Fequency-type telemetering is suitable 

as asubstitute for pulse duration telmtering. 
However,because it is not available from as many sources 

as thepulse duration types, there is no 
particular priceadvantage, and because many jurisdictions 

have alarge amount of puls duration equipmnt in 
service.a 

case for its specic us would not sem arguable. 
telemetering, from an elctricalstandpoint, aso 

is suitable from me standpoint ofdesign criteria. 
Its application is gnerally limited,however, to 

displacement or countingsystems which rquire a rotating 
body in the stream;100 



hnce i not suiable fo wast watr applications.Moover, 
it is not as adily adaptabl to timedivision or 

lone-type multipxing which are simplyechniqus for 
grouping a number of ransmittedsignals on on 

communications circui. Usually wherea numbr of anaog data 
functions arc involved, thepus count cod would be 

convrtd o one of theothe foms of telmeering fo 
multipexing.Voltage-type tlemetering only should 

beconsidred for on-site applications 
bcause of isdistanc imitations. It doc have the 

advantage ofhaving the data measrement in an elctrical 
analogform which lends itself to dirct 

analog-to-digitalconvrsion.Curent-yp tlemetering should be 
considredony 

for on-sit applicaions because of its 
distanclimitations. 

It has the advantg of having a datasignal 
of an elctrical analog form suitable for 

directanalog-to-digital conversion. Furthermor, it is not 
sosuscptibl 

to electrical nterfernc and usuallywould not 
rquire a shieded cable for is transmissioncircuit. 
Consideration should given o the use ofcrrent-typ 

tlemetering 
for on-sit applications.Not only is it adapable 

to digita data, it hasimmuity to interference. 
Th 

inherent requirementof only a simple ammeter for 
an indicatinginstrument mak it dsirbe for compact 

panlarrangment- Th present trend in 
electric orectronic instrumentation is toward the 

current andvoltage types. The current typ is 
most frequentlyused. Wherver th measurment data are 
requird indigital form, is frstnecssary to obtain 

it in cithrits curent or voltage analog. For the 
accumulationand convrsion of much data to digital form a anyon 

location, currnt-type mtering is quiteappropriate.Pulse 
duration telmtering holds a somwhatunique 

positin for water and waste watermeasurement. 
Certainly 

none of the digitalequipment presently 
avalable 

can supplant itsxisting utilization 
in water and wast water facilitis.Most types 

of chmical feeders as standard equpmentarc 
prsently designd to tak pulse duration signals.Many pump 
controllers and mos analoginstrumentation are- designed 

for use with pulseduration equipment. Not until the 
requirement fordata in digita form 

arises is h use of pulseduration telemetring 
seriously questiond.Perhaps th most staight-forward 

means convrting pulse duation to digital form is 
theemployment of a standard 

re-transmittingslide-wire-type 
potentiometer in a pulse 

durationreceiver. Voltage or curren in de 
potentiometercircuit could hen be convrted o a 

digital sinalproportional to the position of the 
slide-wire. Th useo slid-wire, however, 

introduces 

anothercomponent rquiring srvice and 
replacemnt.Therfor, 

it is desirble to obtaina current orvoltag 
signal conversion from pulse duration withoutthe 

rquirement of a slide-wir.Another possibility 
of converting h pulseduration signal to 

digital 
form is the employment of ashaft position to diital 
encoder in a pulse durationreceiver. 

Although this is not available with 
prsentstandard rceiving equipment the possibilities 

of 
thisconcpt should b more thoroughly invstigatedbefore 
commitment is made to acquire digitalconversion 

equipment.4.4 Communications4.I Commuications FacilitiesThe 
most common communication link fortelemetering 

and supervisory control in the wastewater 
fied is the leased 

tlephone lin. 
Thmontoring of regulation practics, 

like (hat ofmonitoring in most othr 
rlatd industries, has usdleased elephon lines for 

both thir exisingtelemetering circuits and 
their supervisory conrolcircuits. Gneally, ost 

experiences with the lasedlines have bn easonaby 
successful, particularly incases wher the importanc 

of the communicationslink has been suffcienly 
impressed 

upon (letelephone utility. Anothr means of 
communicaionswhich could b employd would be by microwave.4.4.2 

Microwave FaclitiesMicrowav, form of 
dirctional—point-o-point—communications utilizing 

ultra high frequencyequipment, provides a very large 
communicationssignal capaciy. Usually thre 

is 
not a sufficient"quantity 

of data signals at any given station on 
awaste systm to justify the choice of microwave 

onthat 
basis alone. Generaly it is justified 

onpoint-to-point applications where the distances arequite 
great, and it is found tht leased tlephonesevice 

eithr is not available 01 that th servicsimply is 
unsatisfactoy. Microwave equipment mustbe 

operated on a basis from transmitterto receiver, with 
intrmediate repeater stations asrequired by the 

nature of the terrain. Generally,microwave is too 
xpensive for the wid coveragnecssary for control and 

supervision of the manyremote stations which may make 
up a waste water-systm.In cases whre it is necssary 
to leasecommunications links from sevral 

intermediatetlephone companies to form a complete 
circuit, 

itmay be necssay to mploy microwave equipmnt.101 



Microwave quipment is availble from a numbr 
ofsupplies, 

is reliabl and flexible, but equirsmaintnanc 
by an own personnel orby te service contract.4.4.3 

Telephone LinesLased 
tlephone lines, as 

normally furnished bya telephone company, fall 
into three principalclassifications Other 

classifcations have beenrecently stablished for vry 
high speed datatransmission. Thse classifications 

may vary in qualityand performance from on place o 
another andbetwen companies.1. Class 1, or 

Class 
a direct current 

slowspeed telgraph circuit. Pulsing speeds 

are limitedto 15 cycles per second. These circuits 
arcgenrally continuous metallic with ground 
rturn.Such circuits are quite suitable for single 

pulsduration tlmetring or individual controlcircuits 
and presently arc used under 

appropriateconditions by many municipalities.2. Class 2, 

or Class also a direct current(DC) 
or low frquency (AC) tletypwiter oreeprintr 

circuit. Pulsing speeds are limited to arange 
gnerally of 60 to 100 pulses or cycles persecond. 

Frequntly, the Class 1 and Class 2circuits are 
avaiable in residential areas. Noparicular 
need fo this class of circuit is foreseen.3. Class 3, 

or Class A—is a voice grad circuit.Genrally, this class 
circuit may pass audiofrquency (AC) signals up 

to 3000 cycles persecond on short disance 
lines. Longr lines usingrepeatrs usuallypass 

audio tons from 300 to3000 cycles pr second. This 

type of line is mostsuitabl for norma rquirments 
in th subjectfeld.4. Although no normally 

required, 
othrspecial classes use for high speed 

daatransmission 
have been developed and can 

befuished 
undr spcial arangments. Prior 

oconsideration being given to th actual acquiringof 
any high capacity, high speed data handling• 
equipment, the tlephone company should becontacted 

regarding the type of equipmen, thnature 

and characteristics of theircommunications 
circuits, avaiability, and cost.4.5. Data 

Handling4.5.1 GenralData is information 
that can be xpressedsymbolically—measurements, 

time, equipment 

status,identification, 
etc. Indicating and recordinginstruments, 

alarms, mimic busss, and lights all haveben 
used for data handling. Data use will 

becomemore 
complicated as it is used with regulation 

controlpractices and techniques. At som point, 
automatichandling of dat will become necessay. The 

systmdesgner 

then must consider the use of computrs forlogging 
and control.Data ogging has gnerally been th frst 
steptoward data handing beyond the usual display 

ofdta on indicator 
scaes or recorder charts, or lampindications. 

The first modls of data loggers usuallyused some 
mans of rceiver self-baancingpoteniometer to position 

a shaft upon which a shaftposition ncoder was mounted 
to digitize the outputof th receiver. 

Vaious inputs wee switched to thereceivr ncoder 
combination 

by tlephone-ypestpping switches. The output 
of the encoder wasthen fed to an elctric typewriter. 
With th excptionof the encoder, the 

components—receivers, 
steppingswitchs, and electric 

typewriters—generally had beenin use. Applications of such 
equipment hav provdquite succssful in logging a grat 

amount of data in ashort period of time, and where 
there was adequatelime betwen uses for service and 

maintenance.Utilities requiring trouble free, day-in, 
day-outlogging service, howevr, found such equipment 

10 bein frequent ned of service and repair. 
Thselctro-mechanical-typ data loggers are 

notrecommended for th continuous service required forwaste 
water regulating practices.A second genration 

of data loggers has bendeveloped, using 
solid stat votage or currentgenerators in plac of the 

selfbalancingpotentiometers, 
digital voltmeters o digitize in placeof shaft 

position encoders, and reed or mercury relaytyp 
scanning programmers in plac of 

steppingswitches. 
Such instrument greatly reduced some ofthe 

probms encounered with the earlier loggrs andpermit 
higher speed and more flexibiliy in settingalarm 

points or set-point control.Either frs or scond 
gneration loggrs arebasically prewired systms. The scond 

is easier tomodify because of its us of pin boards 
forconvenient changing of aarm, 

span, and zerosuppression settings. In either 
case the output of theloggr is basically a fixed 

log only, with noconvenient mans of data 
manipulation such as mightbe requird if the 
data 

arc to be usd in conjunctionwith computer for trend 
alarms, computationalanalysis averaging, 

or 
othr programmedrequirements.Th most recent data 

logger is the generalpurpose, stor digital computer 
which isused as th cntral data processr of a 

modern 
datahandling system. Once the digital 

computer is 
putinto the system, it will do th jobs 

which were102 



difficult or impossibe to do with the original logger.t 
will also do anything th econd genration loggrscould 

do, and stor data, permitting the data to beused in 
whatevr manner programmer may call for,including 
cloed loop computer contol.4.5.2 Digitl 
Computer CpacityThe data 

handling 
digita computr can thefollowing capabilities:. 

Computer memoy can 
stor alarm setings,and zero and suppression 

settings, thusliminating fixed wire 
pin boards or separatinstrument alarm cntacts.2. 

Subroutine programs can 
eiminate the clockand calndr rquired in the 

earlier typ loggers.3. Computer can remember alarm 
ponts duringthe last scan and initiate and 

display programmedinstrucions when an alarm is 
found.4. Lineariing of signals can be 

done bycomputer programming.5. Puse inputs 
can b counted dirctly 

by thecomputr, eiminating th individual 
pulsecountrs.6. Time duration input can be rad 

direcly 
bythe computer by means of program intrruptions.7. 

Analog-to-digital converters can becom apart 
of the computr.8. The computer can measure 

ero drift on lowleve 
signals and compensate for it.9. The computer 
can snse an excessive rate ofchange 

of variable, to give trend alarms prior 
toaching 

the point of alarm condition.10. Simpl to 
complex computaions can beperformd on th 

data rceivd.11. Mmory of h computer 
permits 

anoperator to recall data 
prior to an alarm forexamination. For 

example, in th evnt of analarm, the data 
handling 

system canautomatically or on demand 
print 

out the valuesof significant 
variables for say evry en secondsof th ve minuts 

preceding and following thetime of alarm.12. A trend 
recordr can plot data from storage.For exampl 

in only a fw 
seconds a ecording of an input such as a flw, 

prssure, ortemperatur can be made by simply 
selcting thvariable to be analyzd.13. The computer 

can accept new commandsfrom the operator,4. The 
complete logging program 

may berevisd or modifed without making 
any externalchanges.15. 

The digital computer-typ data 
handlingsystm can b adaped to closd loop 

computercontrol.Th 

greatest advantag of th digital computrlogger 
is that once it is put into the systm, 

it can 
beprogrammed to do additional work at thetime. 

of its orignal installation, at almost noadditional 
cost.The data handling facilities must have mcapacity 

for handling a vast amount of data, yet becapable 
of discriminating 

btwen that which snormal and that 
which must b called to anoperators attention. Data 
rquirements for th futurecan not be determined 
with accuracy. Thus ahard-wird lectro-mchanical 

ogging system shouldnot be purchased. Hard-wird 
systems become morand more complex and inflexible as the numbr ofpoints of data increase. The 
computr-type logger, onthe other hand, can originally 

be purchased with agreat amount of data 
handling capability withcharacteristics and execution 
mthods to b changedas me input data amount of effort 

on the acquisition andaccumulation of suitable 
data must precedeinstalation of a system.4.6. 

Decision MakingWhen measuring devices, 
teemteringcommunications, data handling, 

supervisory controland outlying sttion 
activaion facilities have 

benacquid, only th 
dcision 

and execution need beperformed to 
close the regulating control oop. Howwell the 

system 
is rgulated thn bcomes a matter ofinterpeting the 

dat and judging the amount ofcontrol to be 
executed. Deciding what to do may bean extremely flexibl 

arrangement wherein theoperations control cnter 
oprator 

or attendant useshis best judgmnt: Or it 
may b a fixed and infexiblearrangment detrmined 

ahead 
of time andinorporated in a programmd 

oprationautomatically perfomed by th data handlingequipment 
or computer. Arguments can be made forboth 

rrangements.A 
capable attendant can pmit a wid 

ane ofallowable conditions under various 
circumsances, notnecessariy defined by only 
the measurd inputs;wheeas, with the compur, mor 
nealy 

identicalcontrolled 
conditons can be depended upon 

duringsimilar siuations.Closing the control loop manualy 
is 

known asoff-line control. Closing the control 
loopautomatically is known as on-line and 

real-timecontrol.A system which includs data logging, 
datahandling and 

supervisory control equipment of therecnt and mor 
sophisticated types, can, with slight103 



modification function with some n-line contl. Anysystem 
with the capabilities of on-line conrol mustbe 

capable of switching to off-lin control 
whendesired.4.7 

Supervisory Control4.7.1 
GeneralFo 

management to exercis fullest authorityover the 
regulating control facilities, it is desirable tohave 

information regarding the effctiveness of aregulator, 
and mans to override or put into effectadditiona 

controls. Control is a result of somedecision-making 
procss and may be performedmanually or 

automaticaly.Suprvisory 
control equipmnt consists of threbasic elements: 

(1) The dispatcher's equipment; (2)th means of 
communication; and (3) outlyingstation equipment. 

Systems will vary from thesmpest—a control 
switch, dirctly connected to aregulating gate 

opratorto a sophisticated regulatingsystem operated by a 
computr on closed loopcontrol. The methods 

and echniques usd totransmit information arc 

similar to those used forrmote contol. A computer 

handls not only data,but also gnerates control 
output, either manually orautomatically initiatd. is 

necessary to recognizethe essntial differences between 
convntionalsupervisory and computer control. 

Becausesupervisory contro and computer 
control are suchbroad, geneic trms these are defined 

for the purposeof Manual.Conventional Supervisory 
ControlA 

custom-designed group of slector switches, 
indicators and lectronic circuitsconncted 

by a wiring harness and packaged incompletely 
integrated assemblies fo installation atthe 

central and remote stations. Thes stations arespcifically 
designed and wired for m spcificapplication. The 

operation and prformance is fxdby the wiring, 

which has ld to the use of the term"hardwired" 
control.Computer ControlA digital computer with standard 

logic, memory,and 

wiring, installed 
at a central station. Thecustomiing for a 

particular application is done by alis of 
instructions 

and progamming which aremagnetically stored in 
the machin. This elctronicsprogramming gives ris 

to the trm typefo its particuar application.Eithr 

of thes two classes of electronic controlsystems 
allows the operation of remote 

quipmentfom th point of central control. The central 
stationmay have th data logging, data display 

and otherdata handling options. Both require essentially 
thesame communication means. An operato at a 

controlcenter could not generally tell whether 

controls 

arehandled by a softwired computer or a 
hardwiredconventional supervisory control system. There 

are anumber of ways in which these two classes 
ofequipment may b implemented. Four generaltechniques 

to consider ae:1. Conventional Suprvisory;2. 
Computr On-Line Control;3. Conventional 

Supervisory with Off-LineComputer 
Monitoring; and4. 

Computer On-Line with 
ConventionalSupervisory Standby.Hardwired conventional 

supervisory 
controlequipment is a typ that many operators 

have usedfor years 
It has the advantag of having a ow initialcost 

and central control may be implemented 
instep-by-step stages of development.5oftwired digital 

computer 
control can not onlytake over and perform 

all of the functions, but canalso 
accomplish additional tasks byond th ability ofthe 

convntional supervisory control.The digital 
computer has no prwired controlcapability. Therefor a 

program 
must be written tocustomize th 

computer to a particular applicationbefore it 
is used in control system. Programming thecomputer 

for control of remote stations rquirsspecial 
skills. combination of waste water practicexperience 

and computer application technique isrequired. 
Conceivably, the programming expensecould exceed the 
cost 

of th conventional supervisorycontrol system.The 
value of the computer system lies in 

theaddiional benfits that fal into two gneral areas:(1) The 
fexibility of 

modifying and expanding thcontrol system; 
and 2) th capability for dataprocessing.Th value to the 

wase water management of meflxibility of modification 
and system xpansionalone are not of 

sufficient 
importance 

to influencethe slection of a compur. 
The control system forany spcific remote station 

will normaly rmainstatic and unchangd after th nitial 
requirmentshave ben deermind and successfuly 

established,except for emote statin expansion which 
couldgenerally be takn into consideration during 

theinitial implementation of the equipment.4.7.2 
Advantages of Data ProcessingTh capabiliy for data 

processing, can be a mostimportant benefit. 
Thse 

benefits alone may justifythe higher 
cost and problems of program writing.Some 

of the benefits to be reaized by data 
processingcould be as follows:104 



1. Programmed data logging at 
periodicinervas;2. 

Selective data logging, for example 
highrepetition log on a particular variable 
fornginering sudy;3. 

Computation and logging of quantitis forslected 
tim intervals;4. 

Computation 
and logging of the summationof flows;5. 

Computation 
and ogging of inventorstorage 

facilities;6. Rate of 
change alarms on flows, evels,pressurs, 

etc;7. Dviation 
chcking for off-normal conditionswith alarms;8. 

Computaion 

and logging of quipment,operative staus 
and running time;9. Programmed or 
elected display of variables;0. Progammd printout 

of instructions tooperatos;. Computation 
of load 

and system sudies;12. Storage of informaion 

and computation forbilling purposes;13. 
Prparation 

of data for 
storage in the form ofpunchd card, punched paper 

tape, or magneictap;14. Economic computations 
for 

operationguidance; and15. Capability of 
actually 

performing as anclement of the control schm; 
tha is, closing acontrol oop by performing its own 

controlaction.Alhough the initial programming 
may 

be arlatively costly item, it should be 
a non-recurrentexpense, and updating and changing 

to 
conform withsystem growth or atered data 

manipulation 
should leaccomplished inxpesivly.4.7.3 Disadvantages 
of Data ProcesingThe 

disadvanags of ach systm are: The 
conventional suprvisoy equipment:a. Must 

b customied for each particularapplication; 
Requires rwiring to chang controlpatterns; 
Has limited 

capability of data handling; Lacks 

flexibility; 
andc. Maintenance costs may be high due 

to number of componnts.2. 
The digital computer control quipmen:a. 

Costs more initiallyb. 
Rquires costly programming;c- Compounds the 

maintenance and 
serviceproblem 

by requiring technical 
know-how intwo additional tchnologies, 

one, helectronics of the computer and 

another,programming 

techniques, in addition 
to theelectronics of the fixed wired 

conventionlsystems used at the remote 
stations.4.7.4 Combining the Advantages of 

SupervisoryControl and Digital Computer 
ControlIn comparing the two techniques, 

theconventional supervisory control and h 
digitalcomputer control, it is asily 

concluded that threwould be considrable merit 
in initialing aconstruction program in which the 

dvantags ofboth could b ralized. This necssitates 
the use ofboth classes of equipment in cihr 

of twoarrangements: Th conveniona hardwired suprvisory 
forremote control supplemented with a 

computerfor 
monitoring and data handling;2. The computer 

for on-lin contrl and datahandling, supplemented 
with the conventionalsupervisory 

equipment as standby for use whenh computr 
is in down-time.This second arrangmnt 

could b an outgrowthof successfu experience 
wih the first. In thisapproach 

th hardwired conventional supervisoycontrol 
would be purchasd and installed inincrements 

amenable 
to any overall program forconverting the 

outlyng station from manned tounmanned remotly 
controlld faclities. As thecontrol system is 

expanded so are the computerfacilities for 
monitoring and data handling, togetheror separately 

as conditions and circumstancesgovern.Advantages 
of he on-lin availability of thesupervisory 

system, together wih th data handlingcapabliy of th 

compuer, 
ay then be ralized in agradual manner wihout 

an initial full commitment toeither. This arrangement 
also has th advantage ofallowing the computr to 

be takn off-line forprogra maintenanc, poblem oving 
or ohe usesfor which the computr can be applied 

withoutdisrupting the control of the remote 
stations.The opraions control cntr attndant wouldinitially 

generat all control function mssags toremot 
stations by manipulation of switches 

orpush-buttons at his dispatcher's panl or consol. 
Thecomputer could monitor all messages going out 

toremote stations and all rmote quipment satus 
andremove measuremnt data bing rceivd fromremote 

stations. 
The computer could therefor"listen-in" and 

be instructed to interrogate, check forlimits and 
off-normal conditions, procss and log 

themeasurmnt 
data and caus whatevr printouts105 



including alarming and instuctions the 
programmingdiagnostics 

would provide. Ultimately the computermight 
be programmed and interfaced with 

thsupervisory quipmnt to exercise a certain amountof 
logical and routine control. This latter degre 

ofsophistication would be approaching the case ofcomputer 
on-lin control with the manual supervisoryas 

standby.F the 
managemnt of sewerage systems, itseems 

appropriat to place mphasis upon thelongrange 
stablishment of an operations controlcenter. The 
plan of devlopment should not rquir,howevr the initial 

invstmen for the procuremntof supervisory or data 
handling capacity for functionsthat are not expected 

to be required for sevral yarsnor for those partially 
known or unknownrequirments of the 

future.System growth not be 
projected too farinto the future. Changs, not 

only in the design andtechniqu of control and data 
handling but also ofthe system affect future 

requirements. 
Rathr thanforecasting and perhaps freezing 

the requirements, itis bette to arrange for considerabe 
flxibility andthe possibiity of gradual 

expansion.Consoles 
and panels, for should 

beprocured for only those control and mteingfunctions 
initially required without panel cutouts 

orblanked panl space-for the indefnite future. 
Consoland panl arrangements should be such thatadditional 

sections or modues can b procured 
andinstalled 

when required. Nor should the initialequipment 
be designed to prclude the feasibility 

ofreplacement or rearrangement of certain console orpanel 

secions or oprational groups to meet futurechangs 
of the controlled system or evn th layoutand 

arrangement 
of the operations control centr.If the ultimate 

needs for the control center weeknown, it would 
seem most logical to choose oncass of equipment 

designed for the combindrequirements of control 
and data handling. This is notfeasible. 

Plans should be prepared for the gradualimplementation 
of 

both the convntional suprvisorycontrol equipment 

for remote control and th digitalcomputr for 
monitoring 

and data processing.4.8 Activation 
EquipmentActivation 

refers to the poweroperators for 
regulator dvices. 

Self-powerdregulators such as floats and hydraulic 
cylindes, havbeen described in 2-7,2.9,2.10 

and 2.11.Electric motor operating regulating devics 

haveben 

quie successfully employed on 
open-close typeregulators and hav ben arranged for 

inchingcontrols for intermediate positioning. 
Intermediatpositioning control schemes have ben 

arranged byusing a series of limit switchs and timers. 
In additionto th problems encountred with 

electricalequipmnt, the problem of loss of power is always 
ofconcern since this is most likely to occur 

during astorm which is precisly the period during 
which 

thereguato is most likely to function.Recnt 
devlopment of electric motor operatorsfor modulating or 

throttling control of valves, bringto 
the user a new and more appropriate drive unit 

forregulators. These drive units use low votage, 
directcurrent motors with direct current powr derivedfrom 

silicon controlled rectifiers powered from thestndard 
alternating current powr sources. Smaldirect 

current batteries, simlar to car or truckbatteris, 
may now be used as standby power forregulator 

opration during power faiures. Thes newmotor designs 
can be controlld dirctly by presentlyavailabl 

elctronic instrumnts.In th past, reversing contactors 
were requiredfor throttling control of the standard 

motor. It wasth reversing contactor, 
not the motor, that could notwithstand 

continued reversing duty. The new motordesigns eliminate 
the revrsing contactor andcontinuous regulator 

control 
is possible. Gates, forexample, can be controlled 

automatically to maintaina cerain watr 
lvel; they can be made to "hunt" indirect or indirct 

relation to the rise and fall of waterevel within a 
given band width; or they may brmoly positioned at 

any point within their fulltravel by a remote set point 
signal from a centralcontrol station. Gat position 

and water level, can betelemeterd to the control 
station over the samecontrol line. New motor operators 

and electronicinstruments are small, allowing them 
to b placed innclosures which protect thm frm 

exposur toadverse conditions. This new equipment, 
after it hasbeen placed in service prov to be 

ofconsiderably less troube and prov to be lessexpensiv 
to maintain. Howver, its initial cost will bmore 

than the cost of conventional equipment.An 
xample of a design probem using totasyste control 

is prsented in Section 7.106 
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. 
GenerlSaisfactory 

operation of combind seweroverflow 
rgulator facilities dpends to a lage exenton adequate, 
egula inspection and maintnanc. Thepurpos of this 

is twofold: Firs, to locat and correctany opertional 
failures; and second, to prvent orreduce the probability 

of such failurs.5.2 Common Causes 
of FailureSom of th factors 

causing failur as related toregulator ypes are as 
follows:. Static regulaorsa. 

Clogging 2. a. Cloggingb. 
Siling 

Sticking 
(lack of lubrication) Pars 

failure 
Corrosion3. 

Dynamic-automatia. Cloggingb. Stcking 
(lack of 

lubrication)c. 

Parts failured. Power 
failuree. 

Water pressure failue in oat-actuatd 
oprated unitsOf 
tese factors, 

clogng is the principoffender. It affcts all 
types of regulatos to 

someextent 
and is practically impossibl to 

liminatentirely. Silting affcts most egulatos, but it can 
becontrolled by Tgula flushing of the regulator 

stationby he maintenance crew- Th oher factors apply 
tomechanical, lctrical, or hydraulic typs ofrgulaors and 

their ffcs can bo eliminated orminimizd by propr 
inspection and maintnance.5.3 Frequency Of 

Inspection RequiredThe susceptibiity to clogging, to 
an imporandegre, detrmines the required frequency 

ofregulator inspction. Several 
things 

affect thissusceptibility. They includ the 
type and size ofregulator, the size of the 

combined swr, the siz ofthe connection to 
interceptor, and the quantityand quality of th combined 

sewage.Exprinc has shown that regulators of theorifice 
type, or which depend on an orifice foroperation, 

particularly the horizontal orifce 
andleaping weir, radily clog, especially 

when the orificeis small.Horizontal orifices, or 
drop inlets, protected bygrates appar to b more 

subct to frequent cloggingthan any other type of regulator. 
Even 

dailyinspetion and caning may not b adequae toisure 
proper opertion of this type of rgulator.Practic 

in 
the jurisdictions included i theNational 

Investigation varies fom daily o mofrequent 
inspections to s few as three pr year. Theaverage 

number 

of inspections is approximately 70pr 
year.Inspection must be as frequent as required tokep 

the regulators in as continuously operablecondition 
as practicable. In general mis wll requirean 

inspecion 

schedule of at least ach wek and aftervery 
storm. Small orifices and drop inlets with will 
require more frquent inspction. It isrecommended, however, 

that no regulator beinspected less frequenty than 

twice per monh andafter each Experience will indicate 
which rgulators rquiremore frquen attention 
than others. The scheduleshould be adjustd 

to meet loca or changingconditions. In this way 
maximum fficincy 

ofopraion will b achieved with minimum use 
ofpersonnel.5.4 

Recommended Maintenance ProgramTh rgulator 
chamber should be cleand aftrvery storm and 
mor frequently if ncessary tomaintain 

satisfactory working conditions in hcamber.or all 
types of 

reguatos, each visit shouldinclude a 
visual inspection of the regulator andmoval of 

any dbris prventing or tending toprevnt its 
opraion. Prevntive maintenanceprograms recommended 

for the 
various types ofregulators are as follows:1 

Static Regulatorsa. OricesOrifices clg frequntly. 
Maintenanceequipmnt include swr rods,and 

scoops, so hat as much clearing ofdebris as 
possibl may b effected from theground surfac. The 

regulator chambr maythen 

b flushed out, aso 
from 

groundsurface.b. 
Drop nlets and Leaping 

WeirsGrates protecting drop inlets should bchcked 
to be sure they hav not bendamaged or 

weakened by corrosion- Inlets,pa c large 
ones without gratingsshould be fitted 

with graes or guard rails forthe 
protection 

of 
the maintenance crew, aswell 

as 
prvention of the ntrance of largeobjects. 

Whre blockags are excssive 
thegratings should be repaced by ones withlargr 

openings. Leaping weir plates must belubricated 
and adjusted toprevent "frezing"109 



Side-Spill WeirsWeir 
crests should be inspected fordamag 

and be repaid promptly. 
Manually-Operated GatesManually 

operated gats should beoperated 

on a regular basis through the fullrange 
from 

the open to closed posiion andrest at 
the proper opening. The floor stand,if any, 

oprating stem and guides should befreed of 
corrosion and be well lubricated.2. Dynamic 

Rgulatorsa. Floa-Operatd 
GatesIf possible 

float-operatd gates should beoperated through 
a complete cycl. Floatwells should be 

ceard of deposits of sand orsludg and all 
accumulations of debris shouldbe removed from th 

float and foat well.Chains and gears should 
be cland of rustand other deposits and 

thoroughlylubricated. All parts 
of 

the mechanismshould be examined o war 
or corosionand, if necessary, promptly 

rplaced orrepaired. Tpping GatesTipping 
gals 

should 
be checkd 

to 
besure they move fry on the pivot 

shaft.Adquate lubrication of the barings 
isessential. In some cases it may b 

dvisabeto rplace existing shafts and bearings 
withstainles shafts and bonze barings.c. 

Motor-Oprated GatsMotor-oprated gates should be 
opratedthrough th rang 

from open to closedposition and reset 
at the proper opening.Where rmote control 

is provided, he cycleshould be run through, 
using the rmotconrols whil th maintenance 

cewobserves the operation and checks 

the finalsetting of th gate. Water 
level indicating andtransmitting quipment 

should be checked toinsur that it is functioning 
proprly andmeasuring water levls accurately. 

Allequipment should be inspected for 
signs ofwear or corrosio, repaied or 
replaced, ifnecessary, and propely lubricated.d. 

- Cylindr-Operated Gatesf possible, 
cylinder-oprated gatesshould be operated 

hrough a compltecycle. 
Float wels should b cleard ofdposits 

and all accumulations of matrialshould 
be removd from the float and floatwll. 
Strainrs on th water supply lineshould 

be 
cleaned and inspcted. Waersupply lines, 

valves and cylinders should beinspected 
for leakage; and th pressureavailable 

at the cylinder undr all operatingconditions 
should b checked. Water levelsensing 

equipmnt on -oil-operated gats should be checked 
to insurethat it is functioning proprly 

andaccurately. All equipment shoud 
beinspected for signs of war or corosion,repaird 

or repaced, if ncessary, 
andproprly lubricated. Cross-connecionhaards 

should be detected and correcd toprevnt 
pollution of public water supplies.5.5 
Personnel RequirementsMaintenance 

of rguators should be carried outby crews 

of three to five men, depending on the typeand 
complexity of th 

regulators 
used. A minimumcrw of thre mn is recommnded 

in order tha oneman may remain on the surface while 
two men nterthe chamber.For simple regulators, 

the-man crews with oneforeman to direct sveral 
crews should besaisfactory. Where remote controls, 

water 
levlsnsing 

devices and motor-operatd gates arc used, 
acrew of fve men. including a tchnician 

and formanmay be required.The number of crews 
required will depnd on thenumbr and types of regulatos 

and th frequencywih which they must be inspcted.5.6 
Eqipment 

NeedsAdequate 
equipment should be providd for thesafty 

and efficiency of activitis of the mainnanccrew. 
The following itms of quipment 

areconsiderd 
necssary:a. 

A 116-ton panel truck with a two-way 
radio,winch and A framb. 110-220 potable generatorc. I 

and submersible pumps(1. One blower unit 
Various chains, ropes, 

hoses ladders, pikepols, swer hooks, swer 
rods, chain jacks, 

oolkitse[c. One oxygen dficiency 
metr, one and on deection metr, 

safetyquipment, hlmets, 
harnesses, frs aid kits,dangr flags, signs, 

barricades life jackets, flars,gas masks or air 
packs, gas 

dector lamps, firextinguihers, 
exnsion 

cords, rubber jackts,pans, boots waders, etc. 
Spar parts.5.7 Safety PrecautionsPrcautions 

necessary to protct te maintenancecrews from h haards 
in the sewers and regultor110 



chambes and from traffc are rlativly uniformthroughout 
the county. Th following insructions,isued 

to 
the crews in Philadelphia, are 1 Truck should be 

parked so as nt to obstructtraffic but, if 
possible should be used o protctmen working nar th open 

manhole. If truck isusd for this purpose, 
suitable flashing lightsmust be used on the truck.2. 

Warning cones, flags, 
signs, and lights shouldb used to make areas saf 
for both vehicle andpedstrian.3. Manho cover 

should be raisd 
with a safetool and bar placd under it so 

that it can berolled to on sid.4- A manhole 
guard shoud be placed 

aroundth open manhole.5. The air in both 
sewer and chamber 

should bechecked for explosive mixtures and 
hydrogen Oxygn defciency should be checked.7. 

If thre is an indication of gases, the 
portableblower should be usd to clear th area.In addition 

to the abov safety precautions 
isconsidrd ssntial that at least one man remain atth 

surfac at all times to summon or renderassistance in th 
event of an accident.5.8 Maintenance CostsTh 
cost of maintaining swer regulators, 

asrepored in the 
National 

Survy, varies widely. Inmost cases the 
reportd xpenditurs are probablynot adequat to 

maintain the reguators in completlysatisfacto condition. 
Th nnual cost per regulatorrequired to conduct a 

satisfactory maintenanceprogram is stimated to be as 
follows:DescriptionVertical orificeor 

siphonLaping 
weirDrop inletSid-spil 

weirManualy 

operatedgatFloat-operatdgateTipping 

gateCylindr 

operatedga* 
From Report, 

Section 5Annual 

Costpr 
Reguator*$ 

600- 
800700 - 

9001200-1500400 - 

50090011001100-12001100-13001200-1300.9 

Records and 

Data 
AnalysisComplte 

records 
should 

be 
kept 

of 
all 

inpectionand 

mainenanc 

wok. The time and date of 
achinspecton shoud be recordd together wih adescripion 

of th condiion of the regulator and thewok 
prformed. The number of man-hours spent ateach 

regulator should be noted.Th data obtaind Should 
be 

tabulated for eachregulator and summarized for 
each ype of regulator.Thes 

rcords 
will quickly rveal any rgulators whichrequir 

excessive maintenance or arc out of opraionwith 
unusual frequeny. The causs shoud then beinvstigatd and, 

if possibl, corrctd.The records also will provide 
the data needd tocompare the cost and effciency of 

diffrent types ofrgultors for guidance 
in th dsign of nwregulators or the remoding of 

existing regulators.Ill 
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6.1 Layout Criteria6.1.f 
GnrlTh layou of 

a ruator sation should meetwo crieria: The 
firs, based on the hydraulicrquiremens; and the 
scond, basd on th oprationand maintenance requiremens. 

Vry oftn thedesigner givs itle ttnion to 
opraing andminenance rquremnts, wih he esult 

that 
theregultor fails to function properly du to 

lack 
ofadequate maintenance. Hydraulic dsign 

principleshve 
ben utlined in Sction 2. This Sectionconsidrs 

the layou from the viewpoin of operaionand 
maintenance.6.1.2 LocationThe dsigner may have little 

choice with 
regardto the 

location of the rgulator. Regulators oftnmust b 
located on eisting combined swer. Wherethe area is 

highly dveloped and here is no choiceexcept to 
place 

the regulator station within the sreeright-of-way. 
If he stret is a cul-d-sac andterminates at th water's 
dge it may b possibl tofnce off the nd of the 

strt for th regulator site.Whre areas arc partially 
dveoped, it may bepossible to relocat the combined 

sewr 
so as to placethe regulator on a sit other 

than the trafficright-of-way. For maintenance purposes 
and foropeato safty this is mos desirabl. If 

this is possibl, access to the facility should 

preferably befrom the rar of th curb in order not to 
block traffcwhile routin maintenanc is bing prfomed.6.1.3 

AccessSeparat accss should be provided to eachchmbr 
of the regulator station. This is ncessarywhen 
the 

chambrs 
are small or th maximum levl ofthe swag 

in the chamber is near he ground surace.I large 
chambers whre the deph prmits,access o the diversion 

and tide gate chambers may becombined-Access to rglators 
located in streets is madhough 

conventional 
manhoe hafts wih a verticalladdr or with manhole 

steps 
set 12 inches on centrsIf th regulator is dep, 

stairs should be usd a arasonabl level below he gound 
surface.When th regulator is located off he 

stret,considration 
should be given to alteate means ofaccess 

rather than the standard manhole. If thre 
isobjection to a structure xtending abov 

ground,access can b provided by floor door or hatch 
and aships ladder. A ships ladder is a fixed incined 

ladderwith an angle to the horizontal of 40 and 
56degrees. The minimum width of tread betweenstringrs 
should be two ft. Ladders steper than 56degrees shoud 

not used.Wher hr is no objecion a suprstrucur,sairs 
can be provided. This increass the 

lngth 
ofsupers I ru re opening to 1 fet and requires 

asuperstructure approximaely 

13 fet long, 5 flwide, and feet high. Deils of 
such sirwll arcshown in Fig. 6.1.3. If supersrucure 

is required forlcrical quipmen th stairwell 
suprstructur maybe bult dacent to its exterior 
wall.Spiral stairs should be considered whre space isnot 

available for standard sairs. Thse arecontructed in various 
diameters, from 4 feet,considered a minimum for case 

of access, o 6 feet ormor dependin on 
requirement. They arc usuallyconstrucd wih cither 

12 or 16 treads to a compleecircle. On a 
circl, 9-inch risers will provid 6feet inchs 
of headroom, and on a circle7-inch rises will 

produce 
feet of headroom whencalculated on th basis 

that 
thr-fourths of thvertica height of a ful circl is 

required for frpassage.6.1.4 Ligh, Heat and VentilationAs 
a rule, insufficient consideraton is given tolight, 

heat and ventilation in regulator chambers ofaverage 
sie, particularly when no lectric powr isrequired 
for operation of the regulating device.Portable 

lamps arc 
usualy used for lightingpurposes. 

Whn the chabers ae large, at least twomanhol 
openings should be provided for eachchamber for adequate 

ligh and vntilation- If thregulator is locatd 
below 

th point of access and isproperly fenced, roof 
graings can be used to incraselight and 

ventilaion. Whenevr electric powr isavailable at the 
regulator chamber, provision forelctrical 

lighting in all parts of the regulator stationis 
normal.Heating is not considred ncessary inunderround 

hambrs for th comfor of personnel.Howevr, when are used 
to prevntcorrosion of lectrical quipment, heating 

issometimes providd to prevent freeing of th and 
to rduc th rlative humidity.Superstructurs, if used, 

should be 
hated.Shallow gulaor sations using static 

regultordevics rquiring littl attntion can be 
adequatelyvenilatd by us of portable blowrs. Such 

chambrsshould be tested for flammable gas or 
oxygndeficiency bfore entring. In deep chambrs 

tstsalso should be mad for th prsenc of 
carbonmonoxide 

nd hydrogen Where mechanicalequipment 
s usd consderation should be given tothe 

installation of vntilaing equipmnt. Suchvntilating equipmnt 
is considred ssential for wetwlls in sewage pumping 
stations. resent115 
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recommndations for such use by halh authorities("Reommnded 
Standards for Sewag Works."Great 

Laks-Uppr Mississippi River Bord of StateSanitary 
Enginers, 1968) iclude: (1) Prvide alast 30 complete 

air changes per hour foriermitent 
ventilation; (2) iterconectintermttently operated 

vntilating equipmnt with lighting system; and 
(3) inroduc fresh air intoth wet well by mechanical 

mans. Therecommendations for pumping 
station wet wells,notd above, should be equally 

applicable toregulator chambers containing 
mechnical quipmentand requiring frequent inspction.6. 

5 Geeral FeaturesThe designer 
should visualize all 

possibleactivtis of maintenance personnl and 
attmpt toprovide dquate and convenint facilities 

in whichhey can perform their duties. Walks or 
platforms,prefraby above the maximum swag level, shouldb 

providd so that all parts of the rgulator 
stationcan b reached and so that the inlet and oulet swerscan 

be observed and re readily accessible- Bnchsfor 
accss landings should have a minimum width of1/ Hadoom 

should be at least feet.Guad rils should b 
provided around allopenings or sudden drops. However, 

officials of onecity intrviwed in th 
Naional investigation statedthat they genrally do 

not use potecive ailngs inthe regulator chambrs since 
the staff feels thatreliance on a railing which may 

fail due to corrosionis more hazardous than the 
omission of the raiing.Howevr, this city uss railings 
of 

structural seel,encasd in concrete, to prevent 
failur due tocorrosion at rgulator stations tha arc 

particularlyhazardous and whre a fall might mean 
dath orserious injury,Cast iron stop plank guides 

should 
be provided oshut off or divrt flow to, or 

from a channl 
whenrequid for maintenance purposes.6.1.6 GtThe 

sluice sizes available from on manufacurerare shown 

in Table 6.1.6. Normaly (he smallest 
sizeused 
in regulator chambe should be 12 by 2inches.When 
cylinder-operated gale is activated bywater 

pressure 
the gate siz is generally limitd to 

amaximum 
of 
nin square feet. The size of gat whenoil 

pressure is used is no imited.A shaft and ground surface 

opening should beprovided over each gate. The 
dimensions 

of thisopening should be at 
least one foot greater in achdirction than the 

overall dimensions of the gate, toallow quick, 
problem-fre opration or reoval. Float WllTh floa 

wll should hav minimum dimnsionsof thre ft squar. Th 

bottom 

of the is setabov th invert of the adjacent 
channl 

andconncted 
thereto with a 2-inch wid passage 

ortellale. The telltale should b aimed downstreamfrom 
the float wel to prevent floating soids 

fromentering th wll or plugging the elltale.6.2 
Mterials6.2.1 MtalsTh best of the bronzes for corrosion 

rsistanceand strength is silicon bronze. Ts a 
very highcopper, zinc-fre bronz. Manganese 

bronze 
castingsand 

extrusions 
war well They are used for valveseats and 

operator sem nuts for this reason. Amongthe stainlss 
steels, the 18-8 chomium-nickel contentpercentage 

rspectivly endus bst. Types 303,304,and 305 are used 
for valve stms, studs, nuts andbolts. Type 326 

stainlss steel is espcially good in sawatr and lss costly 
than which also givesexcelent srvice n salt water. 
Heavy body casingsare usually gry iron castings, 
conforming with specifcation A126, Class However, in 

highlycorrosive applications, Type A has beenused 
successfully. This is a trad name ofInternational 

Nickel Company for an iron-castingwith th following 
percenage composition: 14%nickel, 6% copper, 
chromium. Both cast ironand wrought ron are customarily 

coated with a hotcoaltar enamel in 
accordance with Specification C203. Bronze, stainless 

stel and a not usually coated.Sluice gates 
genrally should conform to AWWAStandard C50. This 

standard also covers sluic gateoperating mechanisms 
of th manual electric-motorand 

hydraulic-cylinder types. The lattr type is oiloperated 
at 

2000 working pressur. 
The Standard, Sct. 103, states that th 

purchaser 
mayspecify other operating media or pressures 

as 
dsird.One manufacturer has suggested four combinations 

ofmatrials for sluic gales for use under 
variousconditions. These combinations are shown in 

Table6.2, Combination No. 1 which meets AWWAStandard 
C501 is not considered satisfacory for usein raw sewage 

service because it contains navalbronze. where 
inc is dissolved frombronze laving weak, porous 

material, can occurwith nava bronze in contact 
with either acid or alkalifluids. The low 

zinc content of phosphor or siliconbronze enables 
hes aloys to resist Material Combination No. 3 
would provid117 
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TABLE 

6.2SLUICE 
GATE 

MATERIALSMaterial 
Specifications;CAST 

IRONASTEN1TC GRY 
IRONCASTING 

STAINLES STEEL 
(SotinFaces and Anchors) 

(Facs nd 
Fasteners)MANGANESE BRONE (LiftNuts 

and Wedges)NAVAL BRONE 
(Faces and 

Stems)PHOSPHOR BRONZE (Faces)SILICON 
BRONZE (Fasteners)SLICON 

BRONE (Castings)STAINLESS 
STEEL 

(Fasteners)STAINLESS 

STEEL (Stemsand 

Anchors)A126CsBorCA 436. 
Type 2 or 

2bA 

276 302 or 
04 164 Class A or 

B147,Alloy8A 21, 139, 

Alloy AB 98. Alloy 
A, B or 

B198,Altoy12AA 

320, Grades B3 
or 5F (Bol)A 194, 

Grades 8 or 8F 

A 582, Type 303Material 
Combinations;Gate 

Part r Item Merial 
aterial 

31>cs 

of Assemby 



compatibl materials for this condition. CombinationNo. 
would also satisfy this 

condition.Ammonia-bearing fluids such as raw sewage 
maycause stress-corrosion cracking to which copper 

basedalloys 
are extrmely susceptible. Since the 300 Seriesof 

stainless stel is not affected by strss corrosioncracking 
the No. Material Combination replacswith 

stainlss steel all brone gate parts subject tohigh 
stress. Combination No. 4 is intndd only forsalt or 
brackish watr installations and combines themost 

corrosion-resistant materials.Piping for 
air, watr or oil should becorrosion-resistant. 

A suitable pipe for this purpose isseamless rd 

brass pipe meeting specificationB43. Suitable 
fittings 

for this pipe are copper-basealoys meeting ASTM 
specifcation B30 Alloy 4B.Manhole steps usually 

arc made of cast iron oraluminum. Vertical 
ladders usualy a made ofgalvanied steel or 

aluminum Ships ladders can bfabricated with either 
galvanized steel or aluminumstringers and either cast 

iron or cast aluminumabrasive teads. Spiral stairs 
also can b obtained withcast iron or cast aluminum 

treads. Normally thecenter coumn is 3 to steel 
pipe; forregulator us the center coumn should be 

stainlessstel. Aluminum used in the foregoing is 
usuallyspcifed 

to be 6061-T6 6063-T5, 6063-T6 
and6063-T832.6.2.3 

and Gasket MaterialsThe most 
commonly 

used 
i a of butadiene and It has good 

resistance to hydrocarbons andozone and 

rsists 

air-hardening. Nitrile and a blend ofnitrile and 
polyvinyl chloride also have oodresistance to the 

sewag atmosphere. Natural rubberdeteriorates in sewerage 
applications and is notrecommended. Gaskets 

and packing should be madeof asbestos, coated 
asbstos or tallowlubricatd flax.6.2.4 ElectricalMotors 

located in underground chambers or 
inabov-ground 

chambrs into which sewr atmosphermay 
escape should be 

explosion-proof 
conforming toNational Elctric Cod Articl 500 

for Class I, Group Division I locations. Wires 
should be in conduits ofcorrosion-resistant materials 

such as polyvinylchloride.6.2.5 PlasticAlthough 
plastics and plastic-coated metals havenot ben used to any 

appreciabl extent in combinedsewage regulator 

installations, 
hey offr 

considerablepromise for the future. Coatings 
such as vinyl,nylon, and applied by the bedprocess 

all endure well in sewage service. They arequit 
abrasion-resisant, an importan considerationas combind sewage 

contains much grit. Thesecoatings applied to stel 
and aluminum offrmaximum corrosion resistance, 

coupled with goodstrength characteristics.120 


